The aim: Stimulation of the interest in further research on promising problems to be elucidated by modern polarography and related bioelectrochemical and biophysical methods.
. The reduction processes occur at aldeye-, keto-and diketo-groups. Of considerable interest was to characterize the irreversible two electron-step of "Camphorquinone" to an endiol [2] . My dissertation deals with free-energy relationship in the polarographic, catalytic and photochemical reduction of ketons, quinones, and dyes [3] , similarly as P. Zuman studied dependencies of half wave potential from substitution constants. The main purpose of my habilitation writing [4] was to compare polarographic, catalytic (Pdso! and 2), and photochemical reduction of quinones an ketones. In 1958 started the microheterogenic reduction catalysis using polarographic recording [5] presented on the first international polarographic meeting at Bonn. 1960 was the ,,year of birth" of "photopolaro apy": the irradiation of the dropping mercury electrode (DME) by ultraviolett or visible light [6] . Later on I returned many times to the research on such compounds and methods. In 1954-as the head of Department of Biophysicochemistry of the Institute of Microbiology and Experimental Therapy at Jena -special equipments have been developed and tested by my coworkers (named in publications) interested in electrochemical work. In 1956 1 spent some weeks with Dr. P. Zuman at the J. Heyrovsky Institute at Prague. In the same year J. Heyrovsky visited my Dept. And donated his oszillopolarograph (Fig.2 ).
Special Equipments
Mostly together with glassblowers these cuvettes have been constructed: 1.1 Thermostated cuvette for the DME and accessories.
Instead of the open thermostate shown in Fig. 1 [7] the cuvette was embedded by a watercirculation system. In combination with one of the accessoriesa slow tem~eratur jump can be arranged in such way that the basic solution in the cuvette is hot. (e.g. 90 C), wheras the outside deaerated solution containning e.g. DNA has room temperature. The latter will be injected and mixed rapidly by gas-pressure. For details see the figure in 181. Contrary to the streaming mercury electrode device, we used a hydraulic pressure on two syringes in order to mix rapidly the solution of both components in the cuvette containning the DME, starting recording after the stop at constant potential on the diffusion current of one reactant. Also a rapid temperature jump is possible starting with different temperatures in the syringes [9]. 1.3 A cuvette for photopolarography and irradiation equipment. For irradiation also by UV-light the cuvette consists of quartz within a cooling jacket, surrounded by a flash -lamp or a low-pressure mercury burner (Fig.3) [10, 11]. 1.4 Diffusion curent-time function for the DME. The kinetics of reactions under the conditions 1.1-1.3 can be recorded directly at constant potential until half-reaction-times (t1/2) of about 15 seconds. However, the measurement on single drops (t s 3s) allows the determination of k down to about t1/2 =1s according to the equation (1) [12]:
•¬(1) x = Ilkovic constant Co= concentration of depolarizer t = time after starting the drop and the reaction u = running number: U = 0 for first drop u = 1 for second drop Hence, the reaction can be measured during on drop time ( Fig 4) .
1.5 Schlierenphotographie" For observation of density differences around the working DME within an optical cuvette the "Schlierenphotographie" of the C. Zeiss ,Schlierengerat" was used. In Fig. 5 some streaming processes are shown for normal and grinded point capillaries [13] . It can be seen that only pointed capillaries in vertical position ( (2) and lg (1-hr). 
Adsorption and interaction of DNA

The comaction of adsorbed NA
Adsorption of native ( double stranded) NA at the HMDE exhibits a novel phenomenon by a.c. sweep polarograms between -1.2 (waiting 90s before starting) to -1.6 Volt with the rate of 1V/s. (Fig.12) . Both peak heights changed in a seldom way, however, at constant peak-2 potential it fades (curve2) until curve 5 below the buffer curve 0 (Fig.13 ) [39] . (Single stranded DNA shows not the similar changes of sweep behavior). From this alternating current difference between polarogram 0 and 5 we conclude that the ds-DNA should be stronger adsorbed after this procedure -with other words-in a tight layer of unknown conformation.
Influence of ionic strength on the adsorption behavior of double and single stranded
DNA at the DME.
Both ds-DNA and ss-DNA must be adsorbed for electron uptake and their conformation and adsorption-layer structure determine the reduction current. Fig. 14 and 15 represents the results by normal pulse-polarography (Southern Instruments A3100 -England) dependent on ionic strengths under the same conditions (for detail [40] ). Especially from curves 3 and 4 strong differences between ds-DNA and ss-DNA can be observed giving evidence for not the same adsorbed state. From these results and others found in the laboratory Bioelectrochemistry a model has been proposed based on 5 processes [41] : Our model for adsorption and potential induced compaction of DNA pulse polarographic data: (1) The adsorbed segments become partially dehydrated and the ionic double layer becomes disturbed.
(2) As a consequence of process (1), the B-form existing in the loops converts to an A-like (A')form in the segments, leading to increased counter-ion condensation. The reason is the higher negative charge density of an A-form double helix. (5) There are two ways for adenine and cytosine to be reduced: (a) the direct addition of electrons to fluctuating bases touching the surface, and (b) electron hopping over a distance of mm inside the double helix followed by proton penetration and neutralization. These five steps are included in our schema (Fig.16 ) and occur during the drop time of about 3s.
Open problems: a) Other physical methods, e.g. surface-enhanced Raman scattering (SERS) surface plasmon sectroscopie (SPS), atomic-force microscopy (ATM) in dependence of the electrode potential and ionic strength will be necessary (SERS of DNA at silver (-0.8 V) causes: ds -peak 1309 v/cm, but ss -peak 735 v/cm).
b) in order to support modelling the interaction forces in the electrode layer and i the double helix must be taken into account quantitatively. c) influence of DNA complexes on a) and b).
3. Kinetic measurements y the .E-polarograhy.
Three examples are presented occuring at the electrode and in solution.
3.1 Reductive splitting o Atracyclines. Anthracyclines are important antitumor antibiotics described in the monograph [43] , including a chapter on DNA interaction. Equilibrium, kinetic, structural and polarographic data are summarized in [44, 45, 46] . Their structures consist of an anthraquinone derivative coupled with on, two or three ainosugars according to the general formula (III) with the exception of 5-Iminodaunomycin.
The d.c. polarogram shows one reversible, two electron step in the potentialregion -0 .5 V until -0.9 V against NCE, whereas the differential pulse polarogram in presence of Tween 80 exhibits a double peak. The coulometric reduction of daunomycin followed by d.c. polarograms uncovered the mechanism (Fig.17) . The first uptake of 2 electrons splits the sugar residue from the chromphore producing the cytostatic inactive daunomycinone. The second uptake of further 2 electrons brings about the hydroquinone, which slowly tautomerizes to an oxanthrone at -1.3 V. The details of the ECE mechanism are still unknown. The inactivity of (III) daunomycinone can be seen by the lost of the interaction with DNA (Fig.18 ). There are further processes, e.g. the dimerization of the chromophore radical, which are related to metabolic reactions [47] . Open problems: a) the pathway of electrons during ECE reduction of anthracyclines, b) the photoreduction of anthracyclines, c) the reoxidation of anthracylinones producing cytotoxic H2O2.
3.2
Reductive splitting o etyleneimino-enzogioes.
They are also former cytostatic drugs (known as Bayer E39) [48] . The benzoquinones with 1, 2 or 4 ethyleneimino rings are reduced by d.c. polarography in one reversible step (-0.3 V, NCE) followed by irreversible catalytic waves [49] , increasing with the number of rings (Fig 19) . Recording by Randles-Sevcik oscillopolarography (40 Hz) or by .c. oscillography of Heyrovsky-alvoda between 0 and -2 V (NCE), however, three peaks or identations, respectively, were observed, in the case of 2 rings . [45] . After the reduction of the quinone group a successive splitting of protonated rings takes place at negative potentials and two new quinones come out. An analogous stepwise reaction was discovered by hydrolysis in acetate buffer pH 4.05, 25C [51, 52] . Fig. 20 represents three waves of the Bisethyleneinino-quinone corresponding to sweep polarograms. However, finally asymmetric or symmetric quinols are produced ( discussed already in chapter 2.2).
Open problems: a) Electrode kinetics of ring splitting by pulse techniques, b) pH dependence of electrode reaction, c) ring splitting starting with the hydroquinone. This value B =1.4 [55] is lower than B > 10 for homogeneous reductions (Fig. 23) . The same order of magnitude as Pd-sol particles have microorganisms, which can reduce quinones, dyes etc. until to a certain half-wave potential by their dehydrogenase systems. For instance, methylene blue 5.10 M became reduced to 50% after 20 minutes by 9.5.107 yeast (S. cerevisiae) cells/ml [57] .
Open Problems : a) Dependence from the particle diameter to distinguish to kinetics of homogeneous reactions, b) influence of sol stabilizers, c) disturbance of diffusion gradients by Brownian movement of particles. For a) the reduction step decreases and in the case of bis (ethyleneimino)-benzoquinone (compare chapter 3.2) more negative waves (Fig. 24) , occur by ring-splitting. Photoreduction flashes b) are used [59] [60] [61] [62] for recording short living species as ketyls' oxidation currents. On Fig. 25 above the slow dimerization of the fluorenone ketyl d below the pH dependence of the faster benzil-radical is shown. For rapid reactions the i-t-technique (chapter 1.4) should be prefered.
Photo dynamic processes.
In presence of oxygen the reoxidation of the reversible sensitizer occurs yielding cytotoxic H2O2, a cyclic process. Besides the dyes methylene blue, thiopyronine, acridine orange etc. the anthraquinones are very effective in the oxidation of guanine (G) in DNA of cancer cells [63] [64] [65] [66] . In spite of the more complicated electrode reaction of thiopyronine (TP double wave) than for methylen blue photodynamic activity of depends only on its positive radical
as proved by flash-spectroscopy (Fig.26) [66] . The oxidation of guanine causes strand breaks and consequently stronger adsorption of splitted DNA and the shortening of relaxation time after temperature-jump [64] . Working with anthraquinone derivatives the polarographic irreversibility of asubstituted compounds, e.g. anthraquinone -1.5 -disulfonic acid have been detected at the HMDE, pH 7, 40% isopropanol, as well as by Pd-sol reduction [67] . 6. the photo-sorption current is. Only a brief survey from [75] should be presented. From irradiated electrode ("hot"-electrode) electrons escape into solution, become solvated, reacting with scavengers or return to the electrode. Therefore iv depends on several parameters (e.t. electrode potential, light intensity, quantum yield, capacity changes, etc.). The photo-residual current was detected by flashes on DME in phosphate buffer in fall 1961 [70] . A typical transient curve is shown in fig. 27 together with light intensity curve. 
4.2.2
The photo-depolarizes.
Depolarizer in the excited state A*v:
•¬ (5) becoming reduced or oxidized by electrons of the DME (M). At this time it was not possible to measure neither the half-wave potential E1/2 nor the amount in the excited state directly [74] . However, from measurements of photo oxidation [65] and calculation the E1/2 value should be about 1-2 Volt more positive than E1/2 in the ground state. •¬ (7) with B=2.33 log/N according to the overall reaction (5). 
4.4.
The photo reaction caused diffusion current.
As already explained in chapter 1.4 the photoreduction can be studied on single id-t curved modified to ipd-t curves. One typical example [75] is presented in fig. 29 for an anthraquinone A, which becomes reduced:
•¬ (8) and superimposed by photoreaction with isopropanol (12). With known (id)t iof A at reaction time t one can calculate:
•¬(9) 4.5.
The photo-kinetic current There are at least 3 kinds [75] , however, the analogous case to equation (2) in chapter 3.3 should be discussed only:
•¬(10)
•¬(11)
•¬ (12)
The so called "opposite reaction" (12) against (10) increases the concentration gradient of 2-in the vicinity of the electrode surface by (11) and (12):
•¬ (13) from which J. outecky derived:
• 
